The Accreditation Council for Graduate Medical Education (ACGME) sets residency performance standards for the American Board of Family Medicine Certification Examination. This study aims are to describe the compliance of residency programs with ACGME standards and to determine whether residency pass rates depend on program size and location.
One of the criteria to meet initial certification requirements by the American Board of Family Medicine (ABFM) is satisfactory performance on the ABFM Certification Examination (CE). This examination is a multiple choice, computer-based test that evaluates the cognitive domain and problemsolving ability relevant to family medicine. 1 In 2006, the ABFM made a notable shift in the content blueprint for the CE. This change directed relevant field content while focusing on the knowledge required to practice high-quality family medicine. In addition, the examination changed from the classic test theory psychometric model to one that relies on item response theory. 2 Through item analysis, a recent study confirmed that the ABFM CE test questions were well written, provided minimal cueing, and required specific medical knowledge as opposed to a generalized test-taking ability to answer questions correctly. 3 To improve performance on the examination, applicants are encouraged to increase their fund of medical knowledge and decision-making ability in clinical scenarios. 4 The Accreditation Council for Graduate Medical Education (ACGME) sets standards for program performance on the ABFM CE. Poor performance is noted for residency training programs if the program's composite score is consistently at or below the 25th percentile and/or Ͼ10% of firstattempt examinees fail over a period of 3 to 5 consecutive years. 5 On its public domain website, the ABFM publishes the performance of first-time examinees on the ABFM CE by individual residency program. 6 On an individual level, the annual ABFM InTraining Examination has been shown to have adequate predictive validity regarding trainee performance on the ABFM CE. 7 A similar correlation of performance has been found for the Certifying Board Examination and performance of the InTraining Examination in internal medicine. 8 Moreover, medical school training may play a role in performance on the ABFM CE. One study showed that residents educated allopathically performed significantly better than their osteopathic counterparts when mean scaled scores were compared. This difference was not seen for graduates from dually accredited residency programs. 9 The literature regarding residency program characteristics that are associated with improved performance on the ABFM CE is sparse. One regional study showed no statistical difference in performance between university-based and communitybased family medicine residency programs. 10 In pediatrics and surgery, evidence suggests that larger programs outperform smaller programs. In addition, there are regional differences in performance, with the Northeast and Southern United States having poorer performance than other regions. [11] [12] [13] In internal medicine, the number of residents per program who take the written certifying examination is positively correlated with the composite examination scores, indicating that program size is a predictor of performance. Furthermore, program characteristics have an effect on the cognitive skills of residents over and above what would be predicted by test scores at the end of medical school. 14 The aims of this study are 3-fold. The first is to evaluate the family medicine residency training programs in the United States and Puerto Rico with regards to the 2 ACGME performance standards. The second aim is to determine whether residency program size is associated with program pass rates over time. With larger residency programs having more resources for curricula and educational programs, and with similar findings in other specialties, we hypothesize that larger residency programs will have higher pass rates on the ABFM CE. The third aim of this study is to describe variations in performance based on geography. On the basis of other specialties, we hypothesize that the Northeast and Southern United States will have lower pass rates on the ABFM CE than other regions.
Methods
In this retrospective cohort study from 2007 to 2011, the publicly available electronic data for residency program performance on the ABFM CE for all training programs in the United States and Puerto Rico were obtained from the ABFM website. 6 The permission to cite and use published electronic data for research purposes was confirmed by the ABFM (Thomas O'Neill, Vice President of Psychometric Services for the ABFM, personal communication).
Programs were included if at least one resident had attempted the ABFM CE for 5 consecutive years, from 2007 to 2011. The program-specific numbers of first-time examinees and the examinees who passed the ABFM CE on the first attempt were extrapolated from the data set. The number of graduates per program also was obtained as an indicator of residency program size. Independent double data entry was performed to confirm the accuracy of the extrapolated data. Program performance then was compared with the 2 ACGME examination performance standards. For the 25th percentile standard, overall 5-year program performance was used. For the 10% program fail rate standard, fail rates were evaluated over 3-year A scatter plot showing residency program percent pass rates and the total number of graduates from 2007 to 2011 was created. To show whether family medicine residency program pass rates were dependent on residency program size, simple linear regression was performed using the 5-year program pass rate on the ABFM CE as the dependent variable and the total number of graduating residents from 2007 to 2011 as the independent variable. One-tailed statistics were used. A Pearson correlation coefficient was found for these continuous variables.
To show regional differences in examination performance, state-wide pass rates were deter-mined and mapped. Examinee performance also was determined for the 4 regions of the United States as recognized by the U.S. Census Bureau: Northeast, Midwest, South, and West. 15 Differences in first-time examinees who passed and failed the ABFM CE were compared between U.S. Census Bureau regions using 2 tests. All statistics were performed using Stata 11.1 statistical software (StataCorp, College Station, TX), using an ␣ ϭ 0.05.
Results
Of the 478 family medicine residency programs in the United States and Puerto Rico, 429 residency programs (89.7%) satisfied the inclusion criteria for this study. A total of 49 residency programs (11.4%) did not have complete 5-year data. The overall first-time examinee pass rate on the ABFM CE was 86.9% (12,507 of 14,394).
The median number of graduates per residency program over the study period was 34 (interquartile range [IQR], 29 -41). The median number of firsttime examinees per program was 31 (IQR, 26 -39). The median residency program pass rate was 88.2% (IQR, 80.0% to 94.3%). Regarding the 2 ACGME performance standards, 107 of 429 residency programs were at or below the 25th percentile over the study period. There were 207 of 429 residency programs (48.3%) that had a Ͼ10% firsttime examinee fail rate over 3 years, 221 (51.6%) over 4 years, and 244 (56.9%) over 5 years. Overall, there were 205 residency programs (47.8%) with Ͼ10% first-time examinee fail rates over all time intervals.
The simple linear regression analysis using the total number of graduating residents per program as a predictor of ABFM CE pass rate from 2007 to 2011 is shown in Figure 1 . The slope of the best-fit line was 0.15 (95% confidence interval, 0.07-0.23); this slope was greater than zero (P Ͻ .001). The Pearson correlation coefficient between these 2 variables was 0.17 (P Ͻ .001). The state-wide and regional pass rates on the ABFM CE are given in Table 1 . The median number of resident examinees per state during the study period was 185.5 (IQR, 75.5-345). The median pass rate per state or region was 86.4% (IQR, 82.0% to 90.8%). A coded map of the continental United States showing ranked state-wide differences in performance is given in Figure 2 .
First-time examinee performance by to the US Census Bureau regions is given Table 2. 2 Tests showed that states in the West performed higher than the other 3 regions (all P Ͻ .001). Seven of the 9 highest-performing states were located in the West. 2 Tests showed that the Northeast and the South performed lower than both the Midwest and the West (all P Յ .001) but revealed no differences in performance between the Northeast and the South (P ϭ .35).
Discussion
In this retrospective study, by definition, we have shown that there are 107 of 429 family medicine residency programs that were at or below the 25th percentile from 2007 to 2011. Even more worrisome is that there are 205 family medicine residency programs (47.8%) that have failed to maintain a Յ10% fail rate over 3-to 5-year time intervals for first-time examinees on the ABFM CE. Approximately half of the residency programs are at risk of being cited for failure to meet published ACGME guidelines.
Interestingly, there were more residency programs that had a Յ10% fail rate in the past 3 years as opposed to the last 4 and 5 years. This is an indication that residency programs have improved their outcomes no recent examination. Notable improvements in examination performance is one of the considerations of the ACGME. 5 Residency program citation for board performance is com- mon. In 2009, 32 of 114 programs (28.1%) were cited with regard to board scores; this was the second-most common citation. 16 The potential citation rate of 47.8% found in this study is higher than the 28.1% actual recent citation rate. First, this study evaluates all programs, whereas individual programmatic review does not occur annually. Second, the definition of "notable improvement" is not evaluated in this study. Finally, these data suggest that overall program performance has improved the most since 2009. Notably, all these program improvements occurred after the change to the examination blueprint in 2006, 2 suggesting that changes are not due to the examination itself, but to changes in the examinees or programmatic variables.
Regardless, the high proportion of residency programs that fail to meet the 90% pass rate standard makes us wonder whether the 90% pass rate standard for family medicine should be changed. In internal medicine and pediatrics, for example, the ACGME pass rate standards for first-time examinees are 80% and 60%, respectively. 5 Given that the overall pass rate for firsttime family medicine examinees during the study period was 86.9%, we feel that the 90% pass-rate policy standard should be reevaluated. The only other discipline that has an ACGME program percentile requirement is in radiation oncology (25th percentile). 5 We also have demonstrated that program size is associated with 5-year pass rates on the ABFM CE; the findings shown through linear regression are consistent with our hypothesis. These results are similar to results shown in pediatrics and surgery. 11, 12 However, the magnitude of the Pearson correlation coefficient is very small and is evident in the wide variability shown in Figure 1 . It is unlikely that size alone is associated with examinee performance. It is more likely that confounding variables associated with program size account for this difference in educational outcomes. The nature of curricula, the ability to attract specialized faculty, higher-quality residents, and established education programs could be a few potential reasons that larger programs outperform smaller programs in general. There are also individual variables that may be associated with program size, including individual variables such as allopathic or osteopathic training, age, duration of training, and time between residency and taking the ABFM CE. These potential programmatic and individual variables should be studied in the future to determine whether they have any predictive validity for examination performance. Finally, we have shown clear differences in regional performance on the ABFM CE, consistent with our study hypothesis. The Northeast and the South performed at lower levels than the Midwest and the West. Interestingly, some programs in the Northeast and South do have 100% pass rates for first-time examinees on the ABFM CE. Residency program performance is extremely complex and depends on multiple factors, such as resident selection, curriculum structure, faculty recruitment, and incentives.
Other areas of concern for our study include its retrospective cohort design. We are unable to establish any causation between variables. Second, there are multiple potentially confounding variables related to program size. We could not define exactly which variables are responsible for higher program performance. Importantly, we did not study the programs that have been cited for failing to meet the ACGME examination performance standards; this study was a retrospective analysis of programs that did not meet the published ACGME examination performance standards based on published performance on the ABFM CE. Finally, this study does not evaluate any patient-related outcomes or any clinical outcomes of examinee performance-only binary outcomes on the ABFM CE.
However, among the strengths to this study is that it evaluates the vast majority of family medicine training programs in the United States and Puerto Rico, reviewing the entire examinee population that attempts the ABFM CE as opposed to a smaller cohort of local or regional examinees. Since the data are publically available, this study is easily reproducible. This research also has longitudinal validity in that recent performance over 5 years is evaluated. This study is the first to evaluate the current state of family medicine residency program performance on the ABFM CE and its relation to the important ACGME program criteria and the demographic factors associated with higher performance on the ABFM CE.
The findings of this study have a few implications. First, it notes an alarming potential citation rate for residency training programs that are at risk. This finding might lead to a reevaluation of the ACGME program performance policy standards. This study may also shift the potential application and interview patterns toward residency programs in the West, larger residency programs, and programs that have a recent history of strong performance on the ABFM CE.
